Introduction {#sec1-1}
============

Recent studies stated that 41% of known species of amphibians are threatened.^[@ref1]^ Indeed, their dramatic population decline is due to environmental conditions, including pollution.^[@ref2],[@ref3]^ Their permeable skin and their close relationship with aquatic compartment, make them particularly sensitive to contamination and stand as strong models in biomonitoring studies.^[@ref4]^ Consequently, the use of biomarkers in batrachians arose in the 80's^[@ref5]^: from morphological and anatomical approaches (deformities, gonadic abnormalities) to biochemical measurements (vitellogenin, methallothionein, CYP450).^[@ref4]^ For example, embryotoxic and teratogenic damages on larvae were detected with the FETAX (Frog Embryo Teratogenesis Assay - *Xenopus*) test developed in *Xenopus laevis*.^[@ref6]^ In this regard, this specie appears as a very effective laboratory model for assays to dissect actions of chemical contamination. Indeed, profusion of data is available in cell cycle, embryology and development fields.^[@ref9]^ Moreover, our recent studies showed some different sub-individual modifications, especially a decrease of oocytes' capacity to perform the maturation and the fertilization in presence of cadmium.^[@ref12],[@ref13]^

Here, we propose new methods to quantify the impacts of chemical contaminants on *Xenopus laevis* young tadpoles by recording biometric criteria.

Materials and Methods {#sec1-2}
=====================

All embryos were obtained by *in vitro* fertilization as described in our previous work.^[@ref13]^ They were maintained in healthy or contaminated media, until 6 days (stage 42)^[@ref11]^ and fixated in ethanol 100° at --20°C.

Then, tadpoles were stained in Alcian blue solution (0.1 mg.L^--1^ in acetic acid:ethanol 1:4) for 2 to 4 days according to the colour intensity wished. The background was removed by using a washing solution (chloridric acid:ethanol 70° 1:99) for 1 to 2 days and tadpoles were progressively dehydrated in ethanol baths (70°, 95° and 100°) for 2 h each. Before the analysis process, biological materials were rehydrated in: water:ethanol 1:4, water:ethanol 1:1, MEM:ethanol 4:1 and MEM (MEM: 0.1 M MOPS, 2 mM EGTA, 1 mM MgSO~4~, pH7.4). All steps were performed at room temperature. The tadpoles can be maintained in MEM for up to 3 days at 4°C. All animal experiments were performed at the animal facility of Lille 1 University according to the rules of the European Community Council guidelines (86/609/EEC) for laboratory animal experimentation. The animal protocol was approved by the Local Institutional Review Board (*Comité d'Ethique en Experimentation Animale Nord-Pas- de-Calais*, CEEA 07/2010).

Image enhancement, segmentation and morphological analysis were fulfilled using homemade plugin developed for ImageJ,^[@ref14]^ as depicted in [Figure 1](#fig001){ref-type="fig"}. While image enhancement produces binary information such as spine integrity or brain appropriately developed regarding development stage, segmentation provides quantitative measurement of tadpole morphology. In this study, we focused on the tadpole's length (calculated based on the Feret's diameter, corresponding to the longest distance between two points of the selection boundary), perimeter, distance between eyes and position of the suction cup. Parameters can also be combined, normalizing measurements on animal and/or reference size to assess relative morphological differences.

Results and Discussion {#sec1-3}
======================

Our new method provides numerous qualitative and quantitative data could be obtained. As depicted in [Figure 2](#fig002){ref-type="fig"}, a control tadpole (NT) was compared to treated ones (A, B and C). Morphological observations revealed abnormalities in terms of growth (tadpole A), dorsal curvature (tadpole B), or dorsal break and various edema (tadpole C).

While traditional approaches focus only on growth, mortality and qualitative data,^[@ref7]^ our method relies on extensive images enhancement automation and complete this qualitative approach with new biometric criteria, and thus for each suited tadpole. [Figure 2D](#fig002){ref-type="fig"} shows some of these measurements: length, perimeter, distance between the eyes (*eyes*) and the position of the suction cup.

To go even farther in the approach, in a second step of experiment, different tadpoles were compared. First normalization (grey bars, [Figure 2D](#fig002){ref-type="fig"}) was done in comparison with a control organism (yellow dotted line, [Figure 2D](#fig002){ref-type="fig"}). Then, in order to highlight subtle alterations, a second normalization was achieved: each measurement was expressed as a function of studied tadpole length (colored bars). Thus, for treated tadpole A, it appeared that even if the individual was smaller (length, grey bar) the other measured parameters were over-size compared to untreated tadpole (colored bars).

Conclusions {#sec1-4}
===========

The new method we propose presents several advantages compared to the traditional ones. Indeed, automated segmentation and detection allow automated quantification of tadpole's morphology and anatomy. In this paper, we focused on several parameters such as perimeter or distance between eyes, but numerous others can be obtained from segmented images (*i.e*., branchial arches or brain size and morphology, *etc.*). Thus, from the high quality of each individual description, it answers to the ethical principles of the 3R's, first stated by Russell and Burch in 1959,^[@ref15]^ by decreasing the number of tadpoles needed to achieve precise estimation of xenobiotic impact. Then, each contaminant results in a specific biometric signature, an even more efficient biomarker. Thus, this biometric data assessment appears as an effective tool for environmental biomonitoring.
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![Logical scheme of image improvement and analysis for biometric criteria quantification. Morphological observation results in binary information such as spinal cord or organs integrity, while objects detection and segmentation provides quantitative biometrical description of each tadpole.](xeno-6-2-6587-g001){#fig001}

![Biometric analysis of 4 different tadpoles. NT corresponds to non-treated animal while A-C are tadpoles grown in contaminated environment. White arrows illustrate some of the morphological defects enlightened by the image improvement step. D corresponds to biometrical quantification from A-C normalized on measurements performed on NT, with: i) length and perimeter; ii) eyes, corresponding to the distance between the both animal's eyes centroids in ventral position; iii) suction cup corresponding to the distance between the isobarycenter of both eyes and the suction cup. N/l stands for the parameters also normalized on the length of the concerned animal. Doted orange line corresponds to NT. Scale bar 1 mm.](xeno-6-2-6587-g002){#fig002}

[^1]: Contributions: SS, JH, CS, MM, contributed equally to this work (co-authors).

[^2]: Conference presentation: part of this paper was presented at *ECOBIM meeting*, 2016 May-June, Le Havre, France.
